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Description 

APPARATUS FOR ROLL HEMMING WITH 
ZERO ANGLE DEFLECTION 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a robot manipulated roll 

hem forming apparatus. 
[0003] 2. Background Art 

[0004] Roll hem forming is a production process that is used to 
join a sheet metal outer panel to an inner panel by form- 
ing a hem flange. The hem flange is formed by bending a 
peripheral flange of an outer panel from a generally per- 
pendicular orientation to a reversely turned orientation 
over an outwardly extending flange of an inner, reinforce- 
ment panel. A robot may be used to manipulate an end 
effector tool having a roller that is rolled against the pe- 
ripheral flange of the outer panel to cause it to overlie the 
outwardly extending flange of the inner panel. In a robotic 


hemming system, the robot manipulates the roller about 
the edges to be hemmed. 

[0005] Hard robot systems use precise position control of the lo- 
cation of the roller to press the outer panel peripheral 
flange against an anvil or solid supporting surface. A 
principal problem associated with hard robot systems is 
that they require precise position programming and lack 
flexibility. The end effector roller must be exactly located 
within about .1 mm or panel quality problems may be en- 
countered due to application of excessive or inadequate 
force to the hem flange. The range of force applied to 
properly form an aluminum hem is between 150 and 350 
psi. Other materials such as steel or specialized alloys 
would have different ranges of acceptable force applica- 
tion. A hem may be inadequately formed if insufficient 
force is applied resulting in a partially formed hem and 
potential for movement of the inner flange. If excessive 
force is applied to the hem, the peripheral flange of the 
outer panel may split or otherwise be distorted. Robots 
that are capable of meeting these exacting requirements 
are more expensive than standard robots. 

[0006] Force control robot systems have been proposed in which 
a force transducer, or spring element, is incorporated into 


the end effector to address problems associated with hard 
robotic hemming systems. The force transducer moder- 
ates the force applied by the robot arm to the hem by the 
roller. Force control systems allow for limited misalign- 
ment of the hemming roller relative to the anvil. Examples 
of force transducers used in force control systems include 
mechanical springs, hydraulic dampers and air springs. A 
disadvantage associated with conventional force control 
systems is that the roller must generally be in line with 
the force transducer and robot arm or an angular deflec- 
tion error will arise. 
[0007] one example of a force control system is disclosed in U.S. 
Patent No. 5,228,190 in which a slide block is incorpo- 
rated in the end effector to connect the roller to a me- 
chanical spring biasing member. Another example of a 
force control system is disclosed in U.S. Patent No. 
5,038,597 that discloses an end effector incorporating a 
parallelogram linkage that engages a resilient biasing ele- 
ment to bias the roller to a starting position. A hydraulic 
cylinder is provided to extend and retract the roller rela- 
tive to the workpiece. With either of these prior art sys- 
tems, only a single roller is provided even though in many 
hemming operations long straight hems are performed 


more quickly by a large diameter roller. Tight radius hems 
and hems in confined locations are preferably formed by 
means of smaller diameter rollers. It is necessary to 
change out the end effector to provide large and small 
rollers to hem panels requiring large and small rollers in 
such prior art force controlled robotic hemming systems. 
Changing out an end effector is time consuming and in- 
creases the cycle time of the hemming operation. 

[0008] Another disadvantage of conventional systems is that the 
robot must extensively articulate the end effector to posi- 
tion the roller relative to the anvil surface and flanges to 
be hemmed. This problem is associated with both hard 
robotic hemming systems and force controlled hemming 
systems. Generally, a single roller must be moved by the 
robot to different angular orientations for a pre-hemming 
step and a final hemming step. In the pre-hemming step, 
the peripheral flange of the outer panel is formed to an 
acute angle of about 45° or may be formed in a two-step 
process to acute angles of 30° and then 60° to reduce 
forming stresses applied to the hem. Moving the roller to 
different angular orientations generally requires complex 
manipulations of the robot arm that increase cycle time. 

[0009] There is a need for an improved hem roller end effector 


that includes a force transducer and a plurality of different 
rollers to provide an appropriately sized roller for differ- 
ent hem areas and that also may provide rollers oriented 
at different angular orientations relative to the end of the 
robot arm. The above problems and needs are addressed 

by Applicants' invention as summarized below. 
Summary of Invention 

[0010] According to one aspect of the present invention a robot 
manipulated hem forming roller tool for a robot having an 
arm with a receptacle for an end effector on one end. The 
end effector is adapted to be received in the receptacle on 
the end of the robot arm. A linkage is provided that com- 
prises a bracket extending from the end effector, a tool 
support member, and two links that connect the bracket 
and the tool support member together in the manner of a 
four bar link. A pre-hem roller is disposed on the tool 
support member at a first angular orientation relative to 
the tool support member. A final hemming roller is dis- 
posed on the arm at a second angular orientation relative 
to the tool support member that is different than the an- 
gular orientation of the pre-hem roller. A force transducer 
operatively engages the tool support member to limit 
force supplied by the robot arm to the rollers through the 


tool support member. 
[001 1] According to another aspect of the invention, a roll form 
hem tool is provided with a linkage comprising a bracket, 
a tool support arm having a back end and a distal end, 
and two links that connect the bracket and the back end 
of the tool support arm together in a four bar linkage. The 
tool support arm is moveable relative to the bracket and a 
force transducer engages the tool support arm and the 
bracket to limit force applied by the tool support arm. A 
first roller is disposed on the tool support arm at a first 
angular orientation relative to the tool support arm and a 
second roller is disposed on the tool support arm at a 
second angular orientation relative to the tool support 
arm that is different then the first angular orientation. Ad- 
ditional rollers can also be provided on the tool support 
arm. 

[0012] According to other aspects of the invention the tool sup- 
port member arm is supported by the linkage for limited 
movement and is biased by the force transducer into an 
extended position. Upon engagement by one of the rollers 
with a workpiece to form a hem on the workpiece, the 
force applied to the workpiece is limited by the force 
transducer. The linkage transfers a spring force from the 


force transducer in a linear direction to the rollers that 
engages a workpiece. The rollers are disposed generally in 
alignment with the end effector adaptor or force trans- 
ducer so that the force is applied in a linear direction to a 
hem flange by the roller. Stated another way, the rollers 
are disposed so that the force applied to a workpiece is in 
a direction normal to an axis of rotation of one of the 
rollers wherein the force transducer is displaced in the 
same linear direction. 
[0013] According to another aspect of the invention more than 
one final hemming roller and more than one pre-hem 
roller may be provided on the tool support member or 
arm. By providing additional rollers, the time required to 
manipulate the end effector with the robot arm may be 
reduced. 

[0014] These and other aspects of the present invention are more 
fully described below with reference to the attached draw- 
ings. 

Brief Description of Drawings 

[0015] Figure 1 is a side elevation view of a hemming tool end 

effector attached to a robot arm; 
[0016] Figure 2 is a perspective view of one embodiment of a 

hemming tool end effector; 


[0017] Figure 3 is a side elevation view of an alternative embodi- 
ment of the hemming tool end effector; 

[0018] Figure 4 is a front elevation view of a hemming tool end 
effector disposed at an angular orientation to pre-hem a 
hem flange; 

[0019] Figure 5 is a fragmentary elevation view of a hemming 
tool forming a 45° pre-hem; 

[0020] Figure 6 is a fragmentary elevation view of a hemming 
tool forming a 45° pre-hem; 

[0021] Figure 7 is a elevation view of the alternative end effector 
shown in Figure 3 being used to form a final hem flange; 

[0022] Figure 8 is a front elevation view of a hemming tool end 
effector forming a final hem flange in an alternative ap- 
proach; 

[0023] Figure 9 is a side elevation view of another alternative 

embodiment of the hem tool end effector shown forming 

a 30° pre-hem on a workpiece; 
[0024] Figure 10 is a side elevation view of another alternative 

embodiment of the hem tool end effector shown forming 

a 60° pre-hem on a workpiece; and 

[0025] Figure 11 is another alternative embodiment of a roll hem 

effector forming a final hem on a workpiece. 
Detailed Description 


[0026] Referring now to Figures 1 and 2, an end effector hem- 
ming tool 20 is shown connected to a robot arm 22. While 
the invention is illustrated in Figure 1 secured to a robot 
arm 22, other apparatus for manipulating a roll hemming 
tool could be used in accordance with the present inven- 
tion. The robot arm 22 has an adapter 24 including a re- 
ceptacle 26 for receiving a ribbed shaft 28 of the hem- 
ming tool 20. Radial alignment guides 30 are provided on 
a circular plate 32 of the hemming tool 20. A tooling plate 
36 is attached to the circular plate 32 and supports a sta- 
tionary bracket 38. A tool support 40 is shiftably mounted 
relative to the stationary bracket 38 by means of a pair of 
links 42. The stationary bracket 38 comprises a bracket 
stop 43 formed by an inner surface located between the 
pair of links 42, which are connected by bearings 44. Sim- 
ilarly, a coupler stop 45 is formed in the surface of tool 
support 40 located between the bearings 44 and adjacent 
to the bracket stop 43. The links 42, tool support 40 and 
stationary bracket 38 in combination form a four-bar link 
that permits the tool support 40 to move in a generally 
linear direction relative to the bracket 38, as limited by 
stops 43,45. The bearings 44 also connect the links 42 to 
the tool support 40 and stationary bracket 38. 


[0027] a distal roller 46 is provided on one end of the tool sup- 
port 40. The distal roller 46 may be used to form a pre- 
hem or final hem as will be more fully described below. A 
first coaxial roller 48 and a second coaxial roller 50 are 
secured to the tool support 40 on a common axis. The 
first and second coaxial rollers 48 and 50 may have dif- 
ferent diameters to perform different hem forming opera- 
tions as will be more fully described below. A spring 52, 
or force transducer, is supported on an arm 54 of the tool 
support 40. The force transducer 52, or spring, may be a 
mechanical spring, air spring, hydraulic cylinder, or pneu- 
matic cylinder. The force transducer 52 functions to bias 
the tool support 40 in one direction relative to the bracket 
38. The tool support 40 is resiliently supported relative to 
the bracket 38 so that forces applied by one of the rollers 
is moderated or held within an acceptable range of pres- 
sure. 

[0028] Referring now to Figure 3, an alternative embodiment of 
the hemming tool 20 is shown that includes an aft roller 
56 that is oppositely oriented relative to the distal roller 
46. The aft roller may be of the same diameter as the dis- 
tal roller 46 or may be of a different diameter to provide 
flexibility in selecting a proper size roller for rolling either 


long flat sections with a larger diameter roller or rolling 
tighter curved or contoured sections with a smaller diam- 
eter roller. The aft roller 56 is secured to the tool support 
40 that is supported on links 42 relative to the stationary 
bracket 38. Bearings 44 are used to connect the links 42 
to the bracket 38 and tool support 40. 

[0029] As shown in Figure 3, the distal roller 46 is shown engag- 
ing a workpiece that is supported on an anvil support 60. 
The workpiece is held on the anvil support 60 by means of 
a work holding clamp 62. A hem flange 64 is shown as it 
is initially formed in a pre-hemming operation. The hem 
flange 64 is part of an outer panel 66 that is to be joined 
to an inner panel 68 by the hem flange 64. 

[0030] Referring now to Figure 4, the alternative embodiment of 
Figure 3 is shown wherein a large radius combination 
roller 70 and a small radius combination roller 72 corre- 
spond to the first and second coaxial rollers 48 and 50, as 
shown in Figure 2. The combination rollers 70, 72 each 
have a partially conical portion 74 and a cylindrical por- 
tion 76 that may be used to form the hem flange 64 to 
different angular orientations as appropriate to perform 
pre-hemming and final hemming passes on the hem 
flange 64 of the workpiece. 


[0031] As shown in Figure 4, the partial conical portion 74 of the 
large radius combination roller 70 is being used to form a 
60° pre-hem pass on the hem flange 64. 

[0032] Referring now to Figure 5, the distal roller 46 is shown 

engaging the hem flange 64 of the workpiece that is held 
in place on anvil 60 by work holding clamp 62. The distal 
roller 46 is a cylindrical roller that is supported on the tool 
support 40. 

[0033] Referring to Figure 6, the hemming tool 20 is shown with 
a large radius combination roller 70 engaging the hem 
flange 64 of the workpiece. This view should be compared 
to Figure 4 wherein a first pre-hemming pass forms the 
hem flange 64 to approximately a 60° angle with the par- 
tially conical portion 74 of the combination roller 70. To 
then form a pre-hemming pass forming the hem flange to 
a 30° angle, the roller must only be indexed slightly by the 
robot arm so that the cylindrical portion 76 of the combi- 
nation roller 70 may then be used to form the 30° pre- 
hemming pass. The large radius combination roller 70 is 
preferred for long straight hem flanges, while the tool 
could be reversed in orientation so that the small radius 
combination roller 72 engages the workpiece as would be 
preferred for forming a hem in contoured areas or areas 


where the hem must be formed around a curved portion 
or corner of the workpiece. 

[0034] Referring to Figure 7, a hemming tool 20 is shown alter- 
natively forming a hem with the distal roller 46 and the aft 
roller 56. The tool would be used to form a single hem 
with a single roller. 

[0035] As shown in Figure 7, the distal roller 46 is engaging the 
outer panel 66 on the left hand side of the view to per- 
form a final hemming pass on the workpiece. Figure 7 
also shows the aft roller 56 on the right hand side per- 
forming a final hemming pass on the hem flange 64. As 
the tool support 40 engages either the workpiece on the 
right side with the aft roller 56, or the workpiece on the 
left side with the distal roller 46, the force applied by ei- 
ther roller is moderated by means of force transducer 52 
that is mounted on the arm 54. The arm 54, as illustrated, 
is located between the two links 42 to assure that there is 
a zero angle deflection of forces transmitted by the robot 
arm to the rollers 46 or 56. This same zero angle deflec- 
tion is achieved by the coaxial rollers 48, 50 (not shown) 
due to the arrangement of the two links 42 that support 
the tool support 40 relative to the bracket 38 for linear 
movement. The arm 54 moves in a linear direction relative 


to the bracket 38. In this way, forces applied by the rollers 
46, 48, 50, 56 are moderated by the force transducer 52. 

[0036] Referring now to Figure 8, the end effector 20 is shown 

with a large radius combination roller 70 and small radius 
combination roller 72 are provided on the tool support 
40. As described above with regard to Figure 7, the draw- 
ing illustrates two hems being alternatively formed. Only 
one roller would be engaged with the hem flange 64 at 
one time. The rollers 70 and 72 are selected and manipu- 
lated to provide an appropriate radius roller for different 
hemming applications. 

[0037] Referring to Figure 9, another alternative embodiment of 
the hemming tool 20 is shown that includes a first roller 
arm 80 that supports distal roller 46 and a second roller 
arm 82 that supports aft roller 56. The roller arms 80 and 
82 may be provided to simplify servicing of the rollers and 
to provide additional flexibility in roller location. The tool 
support 40 is supported by means of the links 42 relative 
to the bracket 38, as previously described, and zero angle 
deflection is realized even though the aft roller 56 and 
distal roller 46 are supported on the roller arms 80 and 
82. 

[0038] | n Figure 9, roller 56 is shown forming a 60° pre-hem 


pass on hem flange 64. The workpiece is held by anvil 
support 60 and work holding clamp 62 in a vertical orien- 
tation. 

[0039] Referring to Figure 10, the tool 20 is shown at a different 
angular orientation relative to the workpiece and the anvil 
60 to perform a 30° pre-hemming pass on the hem flange 
64. The tool must only be moved 30° relative to the work- 
piece to change from a 60° pre-hem pass, as previously 
seen in Figure 9, to a 30° pre-hem pass using the cylindri- 
cal roller 56. 

[0040] Referring to Figure 11, an alternative embodiment of the 
hemming tool 20 is shown that applies a pulling force to 
the hem flange 64 with distal roller 46. A spring 84 exerts 
a biasing force against a reverse orientation extension 86 
that is secured to the bracket 38. The spring 84 is 
mounted on arm 88 that extends from the tool support 40 
between the links 42. The spring 84 biases the arm 88 
away from the extension 86 so that when force is applied 
by the roller 46 to the hem flange 64 the force is moder- 
ated by the spring 84 that functions as a force transducer. 
The force transducer could alternatively be a mechanical 
spring, air spring, pneumatic cylinder or hydraulic cylin- 
der. 


[0041] while the best mode for carrying out the invention has 
been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna- 
tive designs and embodiments for practicing the invention 
as defined by the following claims. 


